The CME Nikkei 225 "Quanto" futures contract settles against the Nikkei Index but taken to refer to US dollars. This is intended for the convenience of US investors wanting to take exposure to the Japanese Market. In contrast, the corresponding "Vanilla" instruments trading on SIMEX (Singapore) and the OSE (Osaka, Japan), settle in Yen.
The Chicago Mercantile Exchange (CME) Nikkei 225 futures contract is a "Quanto" instrument, in that its settlement refers to the level of the Nikkei index, but denominated in US dollars, whereas the Nikkei index is naturally denominated in Japanese Yen. This contrasts with the Nikkei 225 contracts trading on the Singapore International Monetary Exchange (SIMEX), and on the Osaka Securities Exchange (OSE), which are "Vanilla flavored" (i.e not unusual), in that they are settled in Yen. The quanto feature is designed for the convenience of US investors wanting to take exposure to the Japanese market: if they do this via the Quanto contract, then they can trade in the US, and they do not have to deal with Yen; but if they use the SIMEX or OSAKA contract, then they have to repatriate the daily margin cash flows from Yen into Dollars. Another advantage which is often cited for Quanto instruments, is that while they provide exposure to the underlying foreign investment (in our case, the Nikkei Index), they do not entail exposure to the foreign currency itself; however, we will see below that this does not apply in our case, because the Quanto and Vanilla strategies that we will compare, do not entail significantly different exposures to the Yen.
Since the clienteles for the Quanto and the Vanilla contracts are presumably different, and price discrepancies between them cannot immediately be arbitraged, it is natural to ask whether their prices reveal segmentation between the US and the Japan equity markets; in particular, whether the returns to the Quanto contract are more correlated with the US market, than they should be if the US and Japanese markets are fully integrated together, and after controlling for the returns of the Vanilla contract.
International market segmentation has become a consensus, in recent years, among finance researchers. Bodurtha, Kim and Lee (1995) argue for this notion, by comparing the returns to US closed end country funds (CECFs), with the returns to their net asset values (NAVs), which are the values of the foreign stocks which make up the funds. Their problem has a similar structure to ours, with their CECF corresponding to our Quanto contract, and their NAV corrsponding to our Vanilla contract. Kim, Szakmary and Mathur (19??) obtain similar results, looking at American Depostory Receipts (ADRs), rather than CECVs.
Institutional barriers to foreign investment are often put forward as an explanation for international market segmentation, but Bekeart and Harvery (1995) show that the integration of individual countries with the world market is not necessarily correlated with the removal of such barriers. If barriers to investment are not present, then market segmentation effects are often explained in terms of the "sentiment" of the markets: prices differ simply because the clienteles in each market differ in their views of the prospects for the investments.
Direct support for the notion of sentiment in the international context can be found in the paper by Shiller, et al (1996) , which presents survey results, showing that investors in the US and Japan often have dramatically different views on the future prospects of the markets.
More recently, Froot and Dabora (1999) document a striking example of segmentation, or sentiment, by showing that "siamese twin" pairs of stocks, which trade in different locations, but which are legally contrained to pay the same dividends, can have significant and persistent price diferences.
Our first test is essentially a simple regression of the daily or weekly dollar futures returns to the Quanto contract, against the dollar futures returns to the SIMEX or OSE contract. By 'dollar futures returns' over a period, we mean the accumulated daily margin cash flows corresponding to a principal of $1. In the case of the SIMEX or OSE contract, the Yen equivalent of $1 is maintained as principal, and the Yen cash flows are repatriated immediately into dollars. We use settlement prices in our tests. We include as an independent variable, the 1 period ahead dollar futures return of the SIMEX or OSE contract, to control for the fact that the SIMEX or OSE closing is ahead of the CME closing by about half a day. We also include the CME S&P500 dollar futures returns, and the dollar returns to the Yen, and we include some lags of these independent variables. The striking result, of both the daily and weekly regression, is that the S&P500 return is highly significant with positive coefficient. This suggests that the price of the Quanto contract is indeed influenced by the sentiment of the US investors.
However, although this control for the time difference seems to be standard in the literature, a closer analysis shows that this control suffers from an errors-in-variables problem, and the significance of the S&P500 return could be at least partially caused by this. We then model the time difference and the possibly sentiment-driven returns explicitly, and we present a GMM type test for this model. This test gives no support for the sentiment hypothesis.
Regarding the coefficients of the Yen (FX) returns, in these regressions: These are sometimes significant, but the pattern is not consistent, when we do the regressions for individual years. This negative result might be surprising, as mentioned above, but in Appendix A, we show that the dollar futures returns to the Quanto and Vanilla contracts will be essentially the same in an efficient market, and will not entail different FX exposures. This contrasts with the well-established result for Quanto and Vanilla forwards (see Reiner (1992) or Hull (1997) ). To understand this result intuitively, note that a futures contract can be understood as a sequence of forwards, maturing 1 day ahead (see eg. Duffie (1996) ); in fact the dollar futures returns to the Vanilla contract are exposed on a daily basis, to the daily return of the Yen, and to the extent of the daily margin payment; but this exposure is negligible.
A plan of this paper is as follows: In Section I we describe our data, present summary statistics, and give the results of the regression described above. In Section II we discuss the bias of this regression, interpreted as a test for the presence of investor sentiment, and we present our corrected, GMM type test. Also, we discuss our implementation of this test, and present the results. In Section III we give a brief summary of the paper, and finally, two appendices give some necessary technical analysis.
I. Our Data; Summary Statistics; a Simple Regression A. Our Data:
We have down-loaded our data from Datastream International Ltd. Our futures data comprises daily settlement prices of the CME futures contracts relating to the S&P500 and Nikkei 225 Indices, and the SIMEX and OSE futures contracts on the Nikkei Index. All these contracts mature on the quarterly cycle March, June, September, December, and the 3 Nikkei contracts mature nearly at the same time. In more detail, the OSAKA and SIMEX contracts have as their last trading day the business day immediately before the second Friday of the contract month, and this is also usually the case for the CME contract.
It is important note that Singapore is 14 hours ahead of the Chicago, and Osaka is 15 hours ahead. The trading hours 1 for the SIMEX contract are 7:55 a.m. to 2:15 p.m., and for the OSE contract they are 9:00 a.m. to 3:10 p.m.; and so, since Osaka is 1 hour ahead of Singapore, the SIMEX contract opens 5 minutes before, and closes 5 minutes after, the OSE contract. The trading hours for the CME Nikkei contract are 8:00 am to 3:15 pm, and for the S&P500 contract are 8:15 am to 3:15 p.m. Thus, both of the CME contracts close at the same time, but there is no overlap between in trading hours, between the CME and SIMEX or OSE.
All these Nikkei contracts are cash settled. For the CME contract, the final settlement is based on an opening quotation of the Nikkei Index, on the day after the last trading day, and for the SIMEX contract, final settlement is based on opening quotations for the individual stocks in the Nikkei Index. The OSE contract is cash settled on the 4th business day after the last trading day.
The S&P500 contract is cash settled, usually on the 3rd Friday of the settlement month.
Datastream gives a price for each contract, on each weekday when the contract is in issue, but if the weekday is a day when the exchange was closed, then this price will be the closing price on the previous working day. Since our tests might be influenced by this stale-price problem, for each exchange, we count a day as a holiday, if all the prices are the same as on the previous day. Our main regressions compare the CME dollar futures returns with the SIMEX (resp. OSE) dollar futures returns. If any day is a holiday on either exchange, then we omit this day from all our return calculations, and calculate the return to the next day on which both exchanges are open.
Our exchange rate data is daily prices of the dollar in terms of yen, at the close of business in Japan, on each day.
Our data period runs from 10/10/90, which is the first date for which the CME Nikkei contact is quoted on Datastream 2 , until 31/12/99.
B. Summary Statistics:
Figure 1 provides daily comparisons between our data series. Panel A gives the proportional difference between the CME and SIMEX Nikkei futures prices (i.e. the log of the ratio of these prices) on each day of our data set, and Panel B gives the proportional difference between the SIMEX and the OSE contracts. The CME and SIMEX prices are on generally within about 1% of each other. One expects these prices to be close, since these contracts are closely related to each other; but on the other hand some difference will be expected from the time difference between these exchanges, and differences between the prices of these contracts cannot be immediately arbitraged. The SIMEX and OSE prices are closer than this, being generally within about 0.2% of each other. This is also to be expected, because these contracts close at almost the same time, and discrepancies between them are actively arbitraged by the market 3 . Panel C of Figure 2 gives the daily return Yen factor, i.e.
X t+ Xt
where X t is the time t price of the Yen in dollars. Table I presents the volatilities and correlations for each of our financial return variables. In this table, the returns are taken just to be the proportional price differences, and the Yen returns to the SIMEX and OSE futures contract are not translated into dollars. We present weekly and monthly (4-weekly) returns only, so as to mitigate the effects of time differences between the various exchanges. Also, we use closing prices on Wednesdays, so as to avoid week-end effects. The first point of interest in this table is that the returns to the three Nikkei futures contracts are highly correlated, at about 95%, or higher. Also, the Nikkei contracts are somewhat correlated with the S&P500 futures, at about 25% to 35%. This is consistent with the notion that the world's stock markets tend to move together. Finally, the returns to the Nikkei and S&P500 futures seem to be only weakly correlated with the dollar/Yen returns. This is consistent with the findings of Adler and Dumas (1983) : the repatriation of foreign returns does not provide a natural hedge for foreign investment.
C. A Simple Regression:
This is a regression of the dollar futures returns of the Quanto contract, against the dollar futures returns of the Vanilla contract; the 1 period ahead dollar futures returns to the Vanilla contract; the dollar futures returns of the S&P500 contract; the dollar returns to the Yen; and also some lags of these independent variables. As we have mentioned above, the inclusion of the 1 period ahead return for the Vanilla contract, is meant to control for the difference between the settlement times of the Quanto and the Vanilla contracts. Also, by "dollar futures return", we mean the cash flow from maintaining a principal of $1 in the futures contract; in the case of the Vanilla Nikkei contracts, the Yen equivalent of $1 is maintained, and the Yen cash flows are immediately repatriated into dollars. To eliminate maturity effects, the $1 principal is actually split between the nearest to maturity contract and the next contract, so that the average maturity is 3 months. This is possible, because there are at least 2 maturities trading throughout our data period, and for all the futures contracts that we are considering. Tables II and III give the results for the daily and weekly time step respectively, for the entire period of our data. Tables IV and V give the results for the daily time step and for individual years, for the SIMEX and OSE Vanilla contracts respectively. The S&P500 return is highly significant and positive in all the regressions. It is tempting to infer from this, that the Quanto Nikkei dollar futures return is correlated more than it should be, with the S&P500 futures return, because inclusion of the Vanilla dollar futures return, with its 1 period ahead return, should account entirely for the Vanilla return, and so this correlation should be zero. However, we will show below that this is a spurious inference. Intuitively 4 , the Vanilla returns cannot account entirely for the Quanto return, even if the market is efficient -if they could, then the R 2 would be 100%, if we regressed the Quanto return against the Vanilla return and the 1 period ahead Vanilla return. But it is easy to see that the R 2 cannot be 100%, because the part of the Vanilla return which does not overlap the Quanto return, in terms of the timing, has an errors-in-variables type effect on the regression. But then, since the R 2 is not 100%, there is room for the full regression to reveal the correlation between the Quanto Nikkei return and the S%P500 return, as we see.
Regarding the FX returns, these are sometimes significant in the regressions, but in a manner which is not consistent from year to year. We take this as support for our argument that the Quanto and Vanilla strategies do not systematically differ in their FX exposure. We suggest that these coefficients on the FX returns point to the contrasting and time varying views, which the US and other investors take on the link between the Yen and the Nikkei Index.
II. Testing for Segmentation Effects, in the Presence of Non-synchronized Returns
In this section, we will show that the above regression is biased as a test for market sentiment effects, and we will present an unbiased GMM type test. This test will give essentially no support for the notion that the markets are segmented.
A The Bias in the Regression, and a GMM Test:
Let us denote by s i the dollar futures return to the CME Quanto futures contract, as described above, and by q i the dollar futures return to the CME S&P500, over the period CME i−1 to CME i . (By CME i we mean the ith CME closing time; in our tests, the period from CME i−1 to CME i is either 1 day or 1 week.) Also, denote by r i the dollar futures return to the SIMEX 5 contract, over the period from SIMEX i−1 to SIMEX i . (See Figure 2 .) We will assume that the SIMEX Vanilla Nikkei contract and the CME S&P500 contract are efficient, but that the CME Quanto Nikkei contract is influenced to some degree by US investor sentiment, which we take to be represented by the return to the S&P500 contract. The CME Quanto Nikkei contract is thus inefficient, if this influence is not zero. More formally, assume that the price of the SIMEX contract is a Martingale in continuous time, with respect to the Yen Risk Neutral Probabilities (see eg. Duffie (1996) ), and its variance rate is governed by the rate of creation of information about the Nikkei Index. Thus, we can refer to the price of this contract, even when the exchange is closed, and we can define f i to be the dollar futures return to the SIMEX contract from time CME i−1 to time SIMEX i , and we can define b i+1 to the dollar futures return to this contract from time SIMEX i to time CME i . (Refer to Figure 2 .) Then also, f i and b i+1 are uncorrelated, and we can write r i = b i + f i . Moreover, we can take f i + b i+1 to be the SIMEX return over the period CME i−1 to CME i , even though this return cannot be observed. Now, denote the variance or r i by σ 2 and the variance of f i and b i+1 by δ 0 σ 2 and δ 1 σ 2 , and assume that σ 2 , δ 0 , δ 0 are independent of i, and δ 0 +δ 1 = 1. Also, denote the variance of q i by ρ 2 , and put Cov(f i , q i ) = κ 0 η, Cov(b i+1 , q i ) = κ 1 η, and Cov(f i + b i+1 , q i ) = η (so that κ 0 + κ 1 = 1), also assuming that κ 0 , κ 1 , η are independent 6 of i. Finally, assume that the dollar futures returns of the CME Quanto Nikkei contract are given by
Using Appendix A, this corresponds to an efficient contract only if ω = 1, = 0, which we take as our NULL Hypothesis below.
Under these assumptions, we show in Appendix B, the following results corresponding to regressions of these dollar futures returns:
First, if we do the regression
then the coefficients will be
Under the NULL Hypothesis ω = 1, = 0, this reduces to α 0 = δ 0 , α 1 = δ 1 .
Second, the regression
which reduces to β = η/ρ 2 under the NULL.
Third, combining these regression gives
This is the regression of the previous section, but with the insignificant independent variables omitted. Under the assumptions of this section, these regression coefficients will satisfỹ
Now, substituting forα 0 ,α 1 in the expression forβ in equation (3.7), and solving, yields
Note that the denominator in Equation(2.8) is positive, since η ρσ is the correlation between f i + b i+1 and q i , and κ 2 0 + κ 2 1 ≤ 1, since 0 ≤ κ 0 , κ 1 ≤ 1 and κ 0 + κ 1 = 1. Also, under the NULL Hypothesis,β becomes 9) and unless κ 0 = δ 0 = 1 and κ 1 = δ 1 = 0, or κ 0 = δ 0 = 0 and
has the same sign as η. Therefore, concluding that the market is segmented in the previous section, would be spurious.
To design a corrected test for our model, we combine the above regressions together in a GMM test, following Hamilton (1994) , who explains how to render a regression with n regressors, equivalent to a GMM test with n orthogonality conditions. The above 3 regressions yield 1 + 2 + 3 = 6 orthogonality conditions, and putting them together in a GMM test also tests the consistency of these regressions. In our GMM test, we will also include orthogonality conditions to capture the variances ρ 2 and σ 2 as state variables, and orthogonality conditions corresponding to the regression
(2.10) whose coefficients satisfy
under our model. Our GMM test thus has 10 orthogonality conditions: 12) and parameters {α 0 , α 1 , β,α 0 ,α 1 ,β, ρ 2 , σ 2 , ι 0 , ι 1 }, which we will refer to as the "regression parameters". In fact ι 0 and ι 1 are redundant according to our model, since from Equations (2.7) and (2.11), we have ι i =α i −α ĩ β ; however, the estimation of these parameters is expected to be more robust if we use the regression (2.10). The last equation of (2.7) also yieldsβ − β = −(α 0 ι 0 +α 1 ι 1 )σ 2 /ρ 2 , and this is another relationship among the regression parameters. Thus, we effectively have 7 regression parameters.
Our "model parameters" are {κ 0 , κ 1 , δ 0 , δ 1 , ω, , ρ 2 , σ 2 , η}, and assuming that δ 0 +δ 1 = 1, κ 0 + κ 1 = 1, this again gives 7 parameters. Equations (2.3), (2.7), (2.11) give the regression parameters in terms of these model parameters. To get the model parameters from the regression parameters, we can solve these equations, to obtain
(2.13)
Our GMM test obtains the regression parameters from the model parameters, via Equation (2.3), (2.7), (2.11), and applies the standard GMM procedure described in Hamilton (1994) , to the scores of Equation (2.12). We have to allow for serial cross-correlation among the scores, and we do this by using the Newey-West version of the GMM weighting matrix.
B Implementation and Empirical Results:
Our implementation of this GMM test is basically as described in Hamilton (1994) : this procedure is to start from an arbitrarily chosen set of parameters; compute the inverse of the weighting matrix in terms of the scores, given by the expressions in the expectations in Equation (3.13), at these parameters; find new parameters which minimize the χ 2 measure associated with the scores, but keeping the inverse of the weighting matrix constant; and then iterate this procedure, each time using the new parameters to compute a new weighting matrix. Our initial parameter choice is simply the one given by the simple regressions above. For the tests with daily returns, we use 20 lags, and for the tests with weekly returns, we use 4 lags, in calculating the Newey-West weighting matrix.
The only non-standard aspect of our implementation is that the 10 × 10 weighting matrix is essentially singular, reflecting the fact that 3 of the parameters are redundant, and so we project onto the space spanned by the first 7 eigenvectors of this matrix 7 . Our implementation thus effectively has 7 dimensions, and so fitting the full model reduces the χ 2 to zero. Testing our NULL Hypothesis involves repeating the minimization procedure under the restriction ω = 1, = 0. We implement this test, and also test a "Semi-NULL" Hypothesis, corresponding to = 0, but allowing ω to be free. Under the Semi-NULL and NULL, the χ 2 statistic is distributed as χ 2 on 1 and 2 degrees of freedom, respectively. In order to make more use of our data, in our tests, we use the return of the nearest to maturity futures contract, beyond a rollover period, which we take to be either 20 or 110 days. This contrasts with the maturity interpolation, which we did for the regressions. This 20 day rollover period is chosen to avoid futures maturity effects. The gap of 110 -20 = 90 days between the rollover periods is chosen because it can avoid data overlap, since the futures are issued on a 3 month (≈ 90 day) cycle. Our results (not reported) are essentially the same for the interpolated maturities.
The results are given in Table VI for the daily time step, and in Table VII for the weekly time step. These tables give the parameter estimations for the full model, together with standard errors of the parameter estimates, and the χ 2 value for the Semi-NULL and NULL Hypotheses. These tables strikingly fail to provide evidence against the NULL Hypothesis; in fact the various estimates of ω and are not consistently to one side of their NULL values, which suggests that we would fail to find evidence of segmentation, even with a stronger test.
IV. Summary and Conclusions
The CME Nikkei 225 futures contract is a "Quanto" instrument, in that its settlement refers to the level of the Nikkei index, but denominated in US dollars, whereas the Nikkei index is naturally denominated in Japanese Yen. This contrasts with the Nikkei 225 contracts trading on SIMEX (Singapore), and Osaka (Japan), which are "Vanilla flavored", in that they settle in Yen. This Quanto feature is intended for the convenience of CME investors, who can use it to take exposure to the Japanese market, without having to deal with Yen margin cash flows.
Since the clienteles for the Quanto and the Vanilla contracts are presumably different, and price discrepancies between them cannot immediately be arbitraged, it is natural to ask whether their prices are influenced by the differing sentiments their clienteles; in particular, whether the Quanto contract is more correlated with the US market, than it should be if the US and Japanese markets are fully integrated together, and after controlling for the Vanilla contract.
We have first presented a standard regression based test for this. This test regresses the dollar futures return to the CME Quanto instrument, against the dollar futures returns to the Vanilla (SIMEX or OSE) instrument; the period-ahead dollar futures return of the Vanilla instrument; the dollar futures return to the CME S&P500 futures contract; the return to the Yen; and some lags of these variables. By "dollar futures return", we mean the cash flow from maintaining a principal of $1 in the contract, and changing the Yen cash flows immediately into dollars, in the case of the Vanilla contract. The current and period-ahead Vanilla dollar futures return are meant to capture entirely the Vanilla return, so that the S&P500 return will not be significant in this regression. The S&P500 return is highly significant in the regression, suggesting that the Quanto contract is influenced by the sentiment of US investors.
However, we have shown that this test is biased in favor of a finding of sentiment, because including the current and period ahead Vanilla returns is not an adequate control; essentially, the non-overlapping part of the Vanilla return acts as an error-in-variables. We have then modelled all the returns explicitly, including the time differences, and we have designed and implemented a GMM test for a possible sentiment effect. This test strikingly fails to find a sentiment effect, and it supports the notion that the CME Quanto Nikkei futures pricing is efficient.
An advantage which is often cited for Quanto instruments, is that they provide exposure to the underlying investment, but not to the currency. However, we have shown that the dollar futures returns, as described above, should be essentially the same if the market is efficient, with no difference in the currency exposure. This theoretical result is supported by our regression results.
Appendix A: Analysis of Quanto Futures Prices and Returns
Our aim in this Appendix is to show that the "dollar futures returns" to the CME "Quanto" Nikkei futures contract, and the "Vanilla" Nikkei futures contract, referred to above, are equivalent. Recall that the dollar futures return to the Quanto contract is the daily margin cash flow from keeping a principal of $1 in the contract, and the dollar futures return from the Vanilla contract is the cash flow from keeping the Yen equivalent of $1 principal in the contract, and changing the Yen daily margin cash flows into dollars immediately at spot.
We will denote the US and Japanese riskless interest rates by r $ and r Y , respectively, and the dividend yield on the Nikkei Index by q. Also, we will denote the time t level of the (spot) Nikkei Index by S t , and its volatility by σ S ; we will denote the price if the Yen in dollars by X t and its volatility by σ X ; and we will denote the correlation between the Yen and the Nikkei by ρ. We will take all these parameters to be constant, though our analysis can easily be extended to the case where they can vary, but are known up until the maturity of the futures contracts that we are discussing.
Hull's discussion of Quantos applies directly to forward contracts. The Quanto forward with maturity T is the agreement to deliver S T dollars at time T . Hull shows that 8 this forward price is given at time t by S $,T t := e (r $ −q * )(T −t) S t dollars, where
It follows from this that a "Quanto Nikkei Account", whose value is S t dollars at any time t, would have to pay a dividend at rate q * dollars, to be fairly priced. This fact is the key to understanding the Quanto forward contract purely in terms of dollars, and it allows us to write
with respect to dollar-RNPs ('Risk Neutral Probabilities'). (With respect to Yen-RNPs, we would replace '(r $ − q * )' by '(r Y − q)' in Equation (A.1) here.) The price of the Yen in dollars obeys the equation
with respect to dollar-RNPs. Our first result in this Appendix is to show that the Quanto forward and futures prices are equal. For this, simply use the Ito formula to obtain
with respect to dollar-RNPs. This is a Martingale. But being a Martingale with respect to Dollar-RNP's characterizes the futures price (see Duffie (1996) , and so the forward and futures prices are the same. The corresponding Vanilla forward price is well known to be equal to the futures price, and given by S .4) dollars at time t + . Replacing the differential time increment in Equations (A.1) and (A.2) by a time step of length , we have
this has distribution N (0, )). Substituting these into Equation (A.4), and using e η = 1 + η + o(η) for η near 0, we see that the return to the Vanilla strategy is
and substituting for q * to get the last equality here. Equation (A.7) gives the dollar cash flow from keeping $1 principal in the Vanilla (SIMEX or OSE) contract from 1 closing to the next. Over a larger time period, say [t, s), discounting 9 to time t, and going back to the Ito differential formulation, the dollar futures return is
(big 'O' here). Now, consider the Quanto contract. Over the daily time step [t,t + ) (CME close to close), and using the above formula for the Quanto future or forward price, the cash flow corresponding to a principal of $ 1 is
dollars at timet + . (NB We cannot put t =t, because the CME and the SIMEX or OSE closing times are different.) Substituting using (A.5), this cash flow is equal to σ S δ W S t + o( ), which is just the same as for the Vanilla contract. The time t value of the Quanto cash flows, over the interval [t, s), will then also be given by Equation (A.8), and so we conclude that the dollar futures returns to the Quanto and vanilla contracts are the same, up to O( ). (Any error introduced by t not being a CME closing time, will be o( ).) Finally, we have taken to be 1 day, which is an adequate approximation to an infinitesimal time step, and so we have our result.
Multiplying out the brackets and using the above covariance table, this expectation is given by
The values of α 0 , α 1 given in Equation (2.3) are obtained by differentiating expression (B.1) with respect to α 0 and α 1 , setting the derivatives equal to zero, and solving.
Results for the other regressions are similar. Thus, for the regression (2.4), i.e. s i = βq i + (Residual), we must minimize the expectation E[(s i − βq i ) 2 ], and this expectation is given by
Differentiating with respect to β, setting the derivative to zero, and solving, gives the result, i.e. Equation (2.5). For the regression (2.6), i.e. s i =α 0 r i +α 1 r i+1 +βq i + (Residual), the expression corresponding to (B.1) or (B.2) is
3) Differentiating expression (B.3) with respect toα 0 ,α 1 andβ, setting the derivative to zero, and solving, gives Equation (2.7).
Finally, for regression (2.10), i.e. q i = ι 0 r i + ι 1 r i+1 + (Residual), the expression corresponding to (B.1), (B.2) or (B.3) is
FIGURE 1 -Price Differences and FX Factors:
FIGURE 2 -Dollar Futures Returns for the Overlapping Time Steps: Notes:
• In this and subsequent tables, 'SIMEX+1' is the return on the SIMEX contract, 1 period ahead; and similarly for the other regressors.
• In this and subsequent tables referring to daily returns, t-statistics are calculated using the Newey-West procedure, allowing for 20 lags.
• In all tables, a single asterisk indicates a significance at 1%, and double asterisk indicates significance at 0.1%, referring to 1-tailed tests.
TABLE III
Regressing the CME Nikkei futures returns on the S&P500 futures returns, and other returns Weekly ( • In this an all tables referring to weekly returns, the t-statistics are calculated using the Newey-West procedure, allowing for 4 lags. 
